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WKURXJKRXW (XURSH HJ WKH 3DODFH RI 9HUVDLOOHV LQ 3DULV ,Q DQFLHQW WLPHV URRI JDUGHQV KDG PHUHO\ DHVWKHWLF






URRIV RU HFRURRIV7KLV HYROXWLRQ KDV EHHQ PDLQO\ GULYHQ E\ WHFKQRORJLFDO LQQRYDWLRQ LQ WKH VWUXFWXUDO DQG
DJURQRPLF ILHOGV DV ZHOO DV LQ HQJLQHHULQJ *UHHQ URRIVDUH GLIIHUHQW IURP URRI JDUGHQV VLQFH WKH ODWWHU DUH
FKDUDFWHUL]HGE\WKHSUHVHQFHRILQGHSHQGHQWSRWVDQGSODQWHUVSODFHGRQWUDGLWLRQDOFRYHULQJVXFKDVDWHUUDFHRUD







DQ RSSRUWXQLW\ WR JURZ DJULFXOWXUDO FURSV UDWKHU WKDQ GHFRUDWLYH SODQWV +RZHYHU DFFRUGLQJ WR WKH VFLHQWLILF
OLWHUDWXUH$VFLRQH)%LDQFR1'H¶5RVVL)7XUQL	9DQROL*0DUUDUD&9%DUUHFD)	'L)D]LR
6  1LDFKRX$ 3DSDNRQVWDQWLQRX. 6DQWDPRXULV0 7VDQJUDVVRXOLV$	0LKDODNDNRXHW * 
6LOYD &0*RPHV0*	 6LOYD0  LW LV DOVR DQ RSWLPDO VROXWLRQ IRU WKH SDVVLYH FRQWURO RI LQGRRU
PLFURFOLPDWH FRQGLWLRQV DERYH DOO LQ KRW FOLPDWH DUHDV 7KH VKDGH FRQWULEXWLRQ WKH HYDSRWUDQVSLUDWLRQ HIIHFW RI
SODQWVDQGWKHWKHUPDOLQHUWLDRIWKHJURZLQJPHGLXPDOORZOLPLWLQJWKHVXPPHUVRODUORDGLQWKHEXLOGLQJ7KHJRDO
RI WKLV VWXG\ LV WR HYDOXDWH WKH HIIHFWV RI D URRIWRS JDUGHQ LQ DQ XUEDQ DUHD $IWHU FKRRVLQJ D KRUWLFXOWXUDO FURS




/HWWXFH Lactuca sativa / LV FHUWDLQO\ DPRQJ WKH PRVW SRSXODU KRUWLFXOWXUDO FURSV ZKLFK EHVW DGDSW WR WKH





/HWWXFH ZHOO DGDSWV WR DQ\ NLQG RI VRLO ZKHWKHU VDQG\ RU FOD\H\ DQG WKRXJK LW LV VHQVLWLYH WR KLJK DQG ORZ
WHPSHUDWXUHVLWFDQEHKDUYHVWHGWKURXJKRXWWKH\HDULILWLVFRQVWDQWO\ZDWHUHGDQGSURWHFWHGGXULQJWKHSHULRGVRI
KLJKHVWWKHUPDOVWUHVV7KHHQHUJ\SHUIRUPDQFHVRIDUHVLGHQWLDOEXLOGLQJORFDWHGLQWKHFLW\RI5HJJLR&DODEULDODW
 ORQJ DVO P ZHUH DQDO\VHG E\ PHDQV RI DGYDQFHG G\QDPLF WKHUPDO DQDO\VLV VRIWZDUH
'HVLJQ%XLOGHU7KHFLW\KDVD W\SLFDO0HGLWHUUDQHDQFOLPDWHZLWKKRW VXPPHUVDQGPLOGZLQWHUV ILJ7ZR
GLIIHUHQW W\SHVRI URRIZHUHFRQVLGHUHG IRU WKHEXLOGLQJ7KHRQHZDVD WUDGLWLRQDO URRIPDGHXSRI D UHLQIRUFHG
FRQFUHWH IORRU ZLWK DQ (36 LQVXODWLRQ OD\HU WKH RWKHU ZDV D JUHHQ URRI ,Q SDUWLFXODU WKH VHFRQG W\SH RI URRI
LQFOXGHGDOHWWXFHFURSZLWKDGHQVLW\RISODQWVPZKLFKFRUUHVSRQGVWRDGLVWDQFHRIFPEHWZHHQSODQWVRQ
WKHVDPHURZDQGRIFPEHWZHHQURZVDQGZLWKDSURGXFWLRQRIVRPHNJPSHUKDUYHVW0RUHRYHULWVKRXOG
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2.1. The reference building 
7KH UHIHUHQFH EXLOGLQJ LV D W\SLFDO XUEDQ VHPLGHWDFKHG KRXVH ILJ  DE ,W LV D WZRVWRUH\ EXLOGLQJ RQ WKH
JURXQG IORRU LV D OLYLQJ DUHD ZLWK OLYLQJ URRP NLWFKHQ DQG EDWKURRPV RQ WKH ILUVW IORRU DUH EHGURRPV DQG
EDWKURRPV:DOOVDUHPDGHXSRIFPWKLFNSHUIRUDWHGEULFNVZLWKFPWKLFNRXWHU(36FRDWLQJDQGDQLQWHUQDO
FPWKLFN OD\HURISODVWHU IRUD ILQDO WKHUPDO WUDQVPLWWDQFHYDOXHRI:āPā.ZKLFKFRPSOLHVZLWK WKH
GHFUHHV RI WKH ,WDOLDQ0LQLVWU\ IRU (FRQRPLF 'HYHORSPHQW RI  -XQH  7KH URRI FRQVLVWV LQ D UHLQIRUFHG
FRQFUHWH IORRUZKRVH LQWHUQDOVLGH LVFRYHUHGZLWKD OD\HURIJ\SVXPSODVWHU6XFKD OD\HU LVFRDWHGZLWKDQ(36
LQVXODWLRQOD\HUZKLFKLVSURWHFWHGIURPDWPRVSKHULFDJHQWVE\DWDUIHOWVKHHW7KHWKHUPDOWUDQVPLWWDQFH8YDOXH
RIWKHURRILV:āPā.7DEOH7KHEXLOGLQJSODQDUHDLVPZKLOHWKHWRWDOKHLJKWPHDVXUHGWRWKH
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VHFRQGIORRU LVP,QGRRUWHPSHUDWXUHLVVHWEHWZHHQDQG&VRWKDW WKHKHDWLQJV\VWHPVZLWFKHVRQIRU






2.2. Rooftop garden 
7KHJURZLQJPHGLXPIRUWKHOHWWXFHFURSLVFRPSRVHGRIDFPWKLFNOD\HURIWRSVRLOOLJKWHQHGZLWKH[SDQGHG
YHUPLFXOLWHDQGHQULFKHGZLWKSRWDVVLXPDIXQGDPHQWDOHOHPHQWIRUOHWWXFHJURZWKEXWDOVRFKDUDFWHUL]HGE\DKLJK
GUDLQDJH FDSDFLW\:LWK D YLHZ WR OLPLWLQJ WKH ILQDO WKLFNQHVV RI WKH IORRU DQG WKH WRWDO ZHLJKW RI WKH VRLO WKH




2.3. Thermal analysis 
7KHEXLOGLQJWKHUPDOSHUIRUPDQFHVZHUHDQDO\VHGWDNLQJLQWRDFFRXQWRXWGRRUFOLPDWHFRQGLWLRQVWKURXJKRXWWKH
\HDU 7KH VLPXODWLRQ FRQVLGHUHG WKH WKHUPRSK\VLFDO FKDUDFWHULVWLFVRI WKH EXLOGLQJ HQYHORSH DQG LQ SDUWLFXODU LWV
KHDWFDSDFLW\ZKLFKGHSHQGLQJRQRXWGRRUWKHUPDOYDULDWLRQVFDXVHVDSKDVHODJRIWKHWKHUPDOZDYH7KLVNLQGRI
DQDO\VLVKLJKOLJKWVSDUWLFXODUFRPSXWDWLRQDOGLIILFXOWLHVDERYHDOOLIDURRIWRSJDUGHQLVSUHVHQW$QDQDO\VLVPRGHO
ZLGHO\ XVHG E\ WKH LQWHUQDWLRQDO VFLHQWLILF FRPPXQLW\ LV WKH )DVW $OO6HDVRQ 6RLO 67UHQJWK PRGHO )$667
)UDQNHQVWHLQ	.RHQLJGHYHORSHGE\ WKH$UP\&RUSVRI(QJLQHHUV ,W LVEDVHGRQ WZRH[WHQVLYHO\ WHVWHG
PRGHOVWKH%LRVSKHUH$WPRVSKHUH7UDQVIHU6FKHPH%$76DQGWKH6LPSOH%LRVSKHUHPRGHO6L%WKDWHQDEOHWR
FDOFXODWHWKHWHPSHUDWXUHRQWKHVXUIDFHRIWKHJURZLQJPHGLXPDQGRQWKHOHDYHV
7KH PRGHO ZDV LPSOHPHQWHG ZLWKLQ D VSHFLILF PRGXOH RI WKH VRIWZDUH (QHUJ\ 3OXV GHYHORSHG E\ WKH 86
'HSDUWPHQWRI(QHUJ\6XFKVRIWZDUHVROYHVWKHV\VWHPRIOLQHDUL]HGHTXDWLRQVUHSUHVHQWLQJWKHFRPSOH[SURFHVVHV
RIKHDWH[FKDQJHEHWZHHQWKHYHJHWDOOD\HUWKHOD\HURIJURZLQJPHGLXPWKHRXWGRRUHQYLURQPHQWDQGWKHURRILQJ
V\VWHP E\ PHDQV RI D PHWKRG EDVHG RQ ILQLWH GLIIHUHQFHV 7KH XVH RI WKH VRIWZDUH (QHUJ\ 3OXV UHTXLUHV WKH
FRQVWUXFWLRQRI WKHSK\VLFDOPRGHO WR DQDO\VH7KHUHIRUH LQ WKLV VWXG\ WKH VRIWZDUH'HVLJQ%XLOGHUZDVXVHG WR
GHYHORSDQGDQDO\VH WKHFDVHVWXG\7KLV LQWHUQDWLRQDOO\YDOLGDWHGSURJUDPPHKDVDVHWRIPRGXOHVDQGIXQFWLRQV
WKDWHQDEOHWRSUHDQGSRVWSURFHVVWKHPRGHOVRIWKHEXLOGLQJVWRDQDO\VH
7KH DSSOLFDWLRQ RI WKH FDOFXODWLRQ PRGHO UHTXLUHV D VHULHV RI SDUDPHWHUV UHODWHG WR ERWK WKH YHJHWDWLYH
FKDUDFWHULVWLFVRI WKHSODQWDQGWKHSK\VLFDOFRQGLWLRQVRI WKHVRLO6XFKGDWDDUHQRWDOZD\VHDVLO\DYDLODEOHVLQFH
ED
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WKHUHLVQRVSHFLILFGDWDEDVHLQWKHOLWHUDWXUHSDUWLFXODUO\DVUHJDUGVWKHSODQWVSHFLHVWKDWDUHPRVWFRPPRQO\XVHG
RUFDQEHXVHGRQVXFKURRIV&RPD-3pUH]*6ROp&&DVWHOO$	&DEH]D/)$VWRWKHOHWWXFHLQ















7KH WKHUPDO LQVXODWLRQ LV WKH EHVW VROXWLRQ IRU WKH HQHUJ\ VDYLQJ LQ UHVLGHQWLDO EXLOGLQJV RU LQ DJULFXOWXUDO
EXLOGLQJV3RUWR60&9DOHQWL)&DVFRQH*	$UFLGLDFRQR&
7KHHQHUJ\DQDO\VLVRI WKHEXLOGLQJZLWK WKH WUDGLWLRQDO URRIVKRZHG WKDW WKHFRQVXPSWLRQRI WKH WRWDOELRPDVV
HQHUJ\SURGXFHGDQQXDOO\WRNHHSWKHUHTXLUHGLQGRRUWKHUPDOFRQGLWLRQVZDVDERXWN:DURXQGN:
IRUFRROLQJDQGN:IRUKHDWLQJ:RRGFRPEXVWLRQDQGJDVLILFDWLRQDUHWKHPDLQSURFHVVHVRIFRQYHUWLQJWKH
ZRRG FKHPLFDO HQHUJ\ LQWR WKHUPDO HQHUJ\ 3URWR =LPEDODWWL $EHQDYROL %HUQDUGL 	 %HQDOLD  7KH
K\SRWKHVLV ZDV WKDW WKH HQHUJ\ IRU WKH FXOWLYDWLRQ RI WKH OHWWXFH  ZDV FRPSHQVDWHG ZLWK WKH SURGXFWLRQ RI
















































ZKLFK LV D VHULRXV HQYLURQPHQWDO HPHUJHQF\ LQ GHQVHO\ SRSXODWHG FLWLHV )XUWKHU DGYDQWDJHVRI WKLV VROXWLRQ DUH
UHODWHG WR WKH KHDW LVODQG HIIHFW DQG WR WKH UDLQZDWHU UHWHQWLRQ EURXJKW DERXW E\ DQ XUEDQ JUHHQ DUHD 7KLV VWXG\
VKRZV WKDW JUHHQ URRIV DQG LQ WKLV VSHFLILF FDVH D URRIWRS OHWWXFH JDUGHQ OHDG WR DOPRVW  VDYLQJ D \HDU RQ
ELRPDVVHQHUJ\DVZHOODVWRVLJQLILFDQWODQGVFDSHLPSURYHPHQWWR&2FDSWXUHDQGWRUHWHQWLRQRIUDLQZDWHUZKLFK
LV RQHRI WKHPRVW IUHTXHQW FDXVHVRI IORRGV LQELJ FLWLHV+RZHYHU WKH XVH RI WKLV NLQGRI URRI UHTXLUHV FDUHIXO
SUHOLPLQDU\GHVLJQVLQFHLWLVFUXFLDOWRSODQDQGFRQVWUXFWDOOWKHURRIFRPSRQHQWVFRUUHFWO\0DOIXQFWLRQLQJRIRQH
HOHPHQW FDQ LUUHSDUDEO\ XQGHUPLQH WKH ZKROH V\VWHP )XUWKHUPRUH SDUWLFXODU DWWHQWLRQ VKRXOG EH SDLG WR WKH
LQFUHDVHGVWUXFWXUDO ORDGVWKLVVROXWLRQPD\HQWDLO$FWXDOO\RQHRI WKHHOHPHQWV WKDWDIIHFW WKHLPSOHPHQWDWLRQRI
WKLVNLQGRIVROXWLRQDOVRLQH[LVWLQJEXLOGLQJVLVWKHLQFUHDVHGORDGSHUXQLWDUHDGHULYLQJQRWRQO\IURPWKHOD\HURI
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